Abstract. The ALICE experiment has measured the production of strange and identified charged particles in pp, p-Pb and Pb-Pb collisions at LHC energies. Light-flavour hadrons are identified in various momentum ranges by using specific energy loss, timeof-flight, Cherenkov radiation, as well as decay topology and invariant mass analysis for weakly-decaying strange particles. In this contribution, the transverse momentum spectra at mid-rapidity and the corresponding yields measured in pp, p-Pb and Pb-Pb collisions for different multiplicity or centrality intervals are presented. The production of light-flavour hadrons in the three collision systems is compared and confronted with theoretical models.
Introduction
Heavy-ion collisions at ultra-relativistic energies allow one to study the physics of the strongly interacting matter and to characterize the Quark-Gluon Plasma (QGP) [1] . The hot and dense matter created in such collisions expands due to the pressure gradients between the system centre and the surrounding vacuum: the system expands collectively and cools down and then undergoes hadronization. Transverse momentum spectra of identified hadrons at low p T (below 3 GeV/c) provide information about the collective behaviour of the system (e.g. effects of the radial flow). The intermediate transverse momentum region (3 < p T < 8 GeV/c) allows one to investigate hadronization mechanisms according to models like quark-recombination [2] , while at higher p T (above 8 GeV/c) mediuminduced effects on the fragmentation can be investigated [3] . Furthermore, the production of strange particles in ultra-relativistic heavy-ion interactions provides a unique additional tool to investigate the properties of the system created in the collision, as there is no net strangeness content in the initially colliding nuclei. In particular, an enhanced production of strange particles in A-A compared to pp interactions was one of the earliest proposed signatures of a deconfined QGP phase [4, 5] .
Measurements in pp collisions performed by ALICE serve not only as baseline for heavy-ion reactions but also as a valuable handle on the particle production mechanisms at play and a tool for the tuning of Monte Carlo generators at LHC energies. Corresponding studies in p-Pb collisions have been carried out as well, with the main aim of performing a control experiment to study initial cold nuclear matter effets. The proton-nucleus reactions have also been able to provide new interesting and partly unexpected physics results. In the next sections, following a brief description of the ALICE detector and the analysis techniques used to reconstruct strange and identified particles, selected results on light-flavour hadrons produced in the three collision systems for a wide range of transverse momentum are presented and the corresponding physics implications are discussed. a e-mail: Domenico.Elia@ba.infn.it
ALICE detector and light-flavour hadron measurement
The ALICE experiment is designed to study the properties and the evolution of the hot and dense matter created in heavy-ion collisions at the LHC. The apparatus, schematically shown in Fig. 1 , consists of a central barrel with a large solenoid providing a 0.5 T magnetic field for tracking and particle identification, plus a dimuon spectrometer equipped with its own dipole magnet with a 0.7 Tm field integral, and other forward detectors for triggering and centrality selection. Tracking and vertexing are performed using the Inner Tracking System (ITS), consisting of six layers of silicon detectors, and the Time Projection Chamber (TPC). The two innermost layers of the ITS and the VZERO detector (scintillation hodoscopes placed on either side of the interaction region) are used for triggering. The VZERO also provides the centrality (multiplicity) class definition in Pb-Pb (p-Pb) collisions. A complete description of the ALICE sub-detectors can be found in [6, 7] . Unique among the LHC experiments, ALICE has excellent particle identification capabilities in a broad transverse momentum range from 0.1 to 20 GeV/c. Charged hadrons in the low to intermediatep T region (below 5 GeV/c) are identified using the energy loss dE/dx from the ITS and TPC detectors, the time-of-flight measurement from the TOF detector and the Cherenkov light from the High Momentum Particle Identification Detector (HMPID). At higher p T charged particles are identified via the dE/dx in the relativistic rise range of the Bethe-Bloch curve in the TPC. Strange hadrons are measured through the reconstruction of their weak decays into charged particles. K 0 S , Λ and Λ candidates are found by combining two charged tracks into V-shaped decays ("V 0 " topology), while for multi-strange baryons (charged Ξ and Ω) a selected V 0 (Λ candidate) is further combined with a third track. Candidates are required to satisfy topological and kinematic restrictions. In addition, each of the daughter tracks is checked for compatibility with the pion, kaon or proton hypotheses using their energy loss in the TPC. Further details, including the invariant mass analysis and signal extraction procedure for strange weakly-decaying particles, can be found in [8, 9] .
Results and discussion
Results presented in this contribution are based on the following data samples: pp collisions at √ s = 7 TeV collected in 2010, Pb-Pb collisions at √ s NN = 2.76 TeV from the 2010 and 2011 runs and p-Pb events at √ s NN = 5.02 TeV recorded at the beginning of 2013. The main results on the measurement of strange particle production in ALICE for the three collision systems are described in the following sub-sections. A few selected aspects of the corresponding findings for identified charged particles are also discussed, while additional details can be found elsewhere in these proceedings [10] .
Results in pp collisions
The transverse momentum spectra at low p T for π, K and p in pp collisions at √ s = 7 TeV have been extracted by selecting events in eight multiplicity classes defined by the raw charged-particle multiplicity. The scaled multiplicity z raw (ratio of the average multiplicity in a given class to that for events with multiplicity larger than zero) has been used for partitioning the sample. The lowest and highest multiplicity bins correspond to z raw in the intervals [0.7, 1.4) and [7.5, 8.6 ], respectively. The resulting spectra are presented in the top row of Fig. 2 , while in the bottom row of the same figure the ratios of the p T distributions at different multiplicity relative to the mult > 0 case are shown. A systematic change in the shape of the spectra, with a depletion of the low-p T region and a tendency to level off at larger momentum values, is observed. The amount of depletion depends both on the particle mass and on the multiplicity, being enhanced going from pions to protons and with increasing multiplicity for a given particle. 
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03008-p. 3 The production at mid-rapidity of K 0 S , Λ and Λ in pp collisions at √ s = 7 TeV has been also studied: the corresponding transverse momentum spectra are shown in Fig. 3 . Particle and antiparticle distributions are compatible within the uncertainties over the measured p T range. The p Tintegrated production yields are obtained by fitting the spectra with the Tsallis function: the fraction in the unmeasured region is about 15% for Λ and negligible for K 0 S . The spectra have been compared with predictions from PYTHIA Perugia-2011 [11, 12] , which provides the best description for the multi-strange baryons [9] and has been tuned to the measured charged-particle multiplicity at the same centre-of-mass energy. As can be seen in the bottom panel of Fig. 3 , the agreement is rather good in the high-p T region (above 6 GeV/c), while in the soft part PYTHIA underestimates the spectra by approximately 20% for K 0 S and more than a factor of two for Λ. shows that, while being the best available tune, PYTHIA Perugia-2011 underestimates up to a factor of 2 and 5 the Ξ and Ω spectra, respectively, in the intermediate transverse momentum region. At high p T the discrepancy decreases for Ξ − and Ξ + when entering the fragmentation regime, while no conclusion can be drawn for Ω − and Ω + with the available statistics. Similar results have also been found for multi-strange baryons in pp collisions at √ s NN = 2.76 TeV [13] . In the right panel of Fig. 4 , the multi-strange baryon yields and p T are shown for ALICE data at √ s = 0.9 TeV and 7 TeV [8, 9] and STAR at √ s = 0.2 TeV [14] . It can be observed that PYTHIA Perugia-2011 roughly reproduces the energy dependence of the multi-strange baryon production: this has been used to interpolate the pp yields to the reference energy in the calculation of the strangeness enhancements for Pb-Pb collisions presented in the next section.
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Results in Pb-Pb collisions
A broad range of measurements has been performed in Pb-Pb collisions at √ s NN = 2.76 TeV. Strange and identified hadron spectra have been measured in different centrality intervals according to the fraction of the total inelastic cross-section. The definition of the event centrality is based on the sum of the amplitudes measured in the VZERO detectors, as described in [15] . The transverse momentum spectra for pions, kaons and (anti-)protons (sum of both charges) in the full p T range up to 20 GeV/c are shown in Fig. 5 , both for central (0-5%) and peripheral (60-80%) Pb-Pb collisions [16] . Compared with the pp reference scaled by the average number of binary collisions in each centrality class, the spectra measured in central Pb-Pb collisions show a reduction of particle production at high p T which can be qualitatively explained as an effect of jet quenching. Similar shapes as for pp are indeed observed for the 60-80% peripheral Pb-Pb collision spectra.
The collective behaviour of the system created in ultra-relativistic heavy-ion collisions can be described by hydrodynamical models. Spectra of identified hadrons at low p T are a major constraining factor for those models. Results for pions, kaons and protons measured in central Pb-Pb collisions show a good agreement with model predictions and a higher mean p T compared to RHIC [17] . This is considered as a signature of a stronger radial flow at LHC energies. Comparisons with predictions from hydrodynamic calculations, based on the same models used for π, K and p (VISH2+1 [18] , HKM [19] , Kraków [20] and EPOS [21] ), have also been carried out for the heavier multi-strange baryons [22] . The results are shown in Fig. 6 for Ξ and Ω hyperons (average of both charges) in different ranges of centrality. For the most central (0-10%) events, all the available models describe quite well the shape of the Ξ spectrum in the p T range up to 3 GeV/c, although only the Kraków model correctly reproduces the yield. The description is less successful overall with the Ω. Moving progressively to less central events, the quality of the agreement remains similar for the Ξ, but deteriorates for the Ω. Comparing these models gives an insight into the mechanism at work in hyperon production. VISH2+1, which results in the least successful description, does not include the hadronic cascade mechanism. The EPOS generator, which incorporates hydrodynamics and models the inter- action between high-p T hadrons and the expanding fluid, gives the most successful description overall in a wider transverse momentum range. Figure 6 . Transverse momentum spectra for Ξ (a) and Ω (b) hyperons (average of particle and anti-particle) for Pb-Pb collisions at √ s NN = 2.76 TeV in five centrality classes, compared to hydrodynamical models [22] .
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In high-energy interactions hadrons are expected to be produced in approximate chemical and thermal equilibrium. A grand-canonical statistical model is usually employed to describe the observed yields of each particle specie in nucleus-nucleus collisions. The mid-rapidity p T -integrated yields measured by ALICE in central Pb-Pb collisions at √ s NN = 2.76 TeV have been fitted to three statistical hadronization models, namely THERMUS 2.3 [23] , GSI-Heidelberg [24] and SHARE [25] . Chemical freeze-out temperature and fireball volume have been fitted to the data, with the baryochemical potential being set to 1 MeV since particle and anti-particle yields are equal within the uncertainties: the results are illustrated in Fig. 7 . All three models provide the same temperature, T chem ≈ 155-156 MeV, and reproduce most of the measured yields. Nevertheless, they overestimate the proton and anti-proton yields. The interpretation of this tension, one of the most discussed feature of heavy-ion collision results at the LHC, is still under investigation and could be explained in three different approaches: baryon-antibaryon annihilation after chemical freeze-out [26] , non-equilibrium statistical hadronization [27] and effects due to pre-hadronic flavour-dependent bound states above the QCD transition temperature [28] . The K * resonance yield is also overestimated: excluding both protons and K * from the fit restores the consistency with equilibrium expectations [29] . Among the most interesting results involving strange particles, the strangeness enhancements at the LHC have been also measured. As already mentioned, the enhancement of strange and multistrange particle production in heavy-ion collisions compared to pp was one of the earliest proposed signatures for the QGP [4, 5] . It was argued that a deconfined partonic phase in the system evolution implies a considerable increase in strange quark phase space occupancy compared to the observed
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03008-p.7 strangeness production levels in pp interactions. Indeed, an enhanced production of strange particles has been observed both at SPS [30, 31] and RHIC [32] energies. The strangeness enhancements are defined as ratios of the strange particle yields measured in Pb-Pb collisions, normalized to the mean number of participant nucleons N part , to the corresponding quantities in pp interactions at the same energy. The ALICE results for Λ (|S |=1), Ξ − (|S |=2) and Ω − + Ω + (|S |=3) are shown in the left panel of Fig. 8 as a function of N part . The pp reference values were obtained by interpolating ALICE and STAR data [22] . The enhancement factors are larger than unity for all the particles and increase with N part . They also increase with the strangeness content of the particle, showing the hierarchy already observed at lower energies and consistent with the picture of enhanced ss pair production in a hot and dense partonic medium. In the right panel of Fig. 8 the ALICE results are compared with lower energy measurements performed at SPS and RHIC: the enhancements are seen to decrease with increasing centre-of-mass energy, continuing the same trend first established at the SPS and then confirmed going from SPS to RHIC energies. Such an energy dependence pattern is mostly attributed to the decrease of canonical suppression in the pp reference. Right: comparison with lower energy measurements at SPS and RHIC (hollow symbols) [22] .
Since the production rates of charged particles do not scale linearly with N part [15] , a way to factor out the enhancement due to strangeness content from the overall increase in charged-particle production is to compute the ratio of strange particles to pions. As reported in the next section, the Ξ and Ω production rates have been compared with the π yields in all the three collisions systems: the increase in the ratios of multi-strange particles to pion when going from central Pb-Pb to pp is about half that of the standard enhancement ratio as defined above [22] .
The nuclear modification factor R AA is defined as the ratio between the p T spectra in Pb-Pb and those in pp scaled with the number of binary nucleon-nucleon collisions. In Fig. 9 the R AA for pions, The R AA in the absence of nuclear or medium effects is by construction unity at high p T where hard processes dominate. The particular shape differences of the R AA for central collisions between baryons and mesons are a consequence of the interplay between the shapes of the particle p T distributions, the collective flow (both depending on particle mass), jet-quenching phenomena (sensitive to parton type), and possible novel hadronization phenomena such as parton recombination. One easily identifies the similarities of the curves for two groups of particles (baryons and mesons), mass ordering at intermediate p T and a mass-independent suppression above 8 GeV/c. The large R AA values for the Ω can be related to the suppressed strangeness production in pp collisions. As expected, for peripheral events R AA values closer to unity and reduced differences among the different species are observed.
Results in p-Pb collisions
The transverse momentum spectra of π, K, p and Λ have been measured in different VZERO multiplicity classes in p-Pb collisions at √ s NN = 5.02 TeV [33] . For p T below 2 GeV/c the spectra become harder as the multiplicity increases and the effect is stronger for heavier particles. This pattern is known from heavy-ion collisions where it is attributed to the hydrodynamical evolution of the medium and indeed also p T spectra measured in high multiplicity p-Pb collisions are better described by models which incorporate hydrodynamics. To further study the evolution of the spectral shapes with multiplicity a blast-wave analysis has been performed. The results are shown in Fig. 10 : the two fit parameters, which in heavy-ion collisions are typically connected to the kinetic freeze-out temperature T kin and the transverse velocity profile β T , are compared for data from the three collision systems (pp, Pb-Pb and p-Pb) and for pp events generated with PYTHIA 8. The behaviour in the data is qualitatively similar for all the systems: this may indicate the presence of radial flow or alternatively, as shown by the pp Monte Carlo generator, be due to other mechanisms such as color reconnection.
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03008-p.9 Figure 10 . Results of blast-wave fits to the p T spectra measured in pp, p-Pb and Pb-Pb collisions and from PYTHIA 8 simulation of pp collisions (with and without color reconnection). Charged particle multiplicity increases from left to right.
As already mentioned for Pb-Pb, an appropriate way to factor out the strangeness enhancement from the overall increase in particle production is to compute the ratio of Ξ and Ω production with respect to the π yields. This has been done as a function of the average charged-particle multiplicity at mid-rapidity dN/dy for all the three collisions systems, including p-Pb, as shown in Fig. 11 . The multi-strange baryon production relative to pions is shown to increase by up to a factor of about 3 when going from pp to Pb-Pb, reaching a saturation in the most central Pb-Pb collisions at values predicted by statistical hadronization models for a chemical freeze-out temperature of about 155 MeV. In this picture, the p-Pb results show monotonically increasing ratios, with Ξ/π reaching the saturation level observed in central Pb-Pb and Ω/π being not higher compared to the values for peripheral Pb-Pb collisions. This indicates that thermal description of the observed multi-strange yields will thus be worse in p-Pb than in Pb-Pb. Measurements of the nuclear modification factors have been carried out also for p-Pb collisions. Fig. 12 shows the R pPb for charged π, K and p up to 20 GeV/c and for Ξ up to 6 GeV/c in NSD p-Pb collisions. The nuclear modification factors for pions and kaons are flat over the full measured p T range above 3 GeV/c and do not differ from that of charged particles within the systematic uncertainties. At intermediate p T (between 2 and 6 GeV/c) a mass ordering, with larger R pPb for higher particle mass, is observed: in Pb-Pb collisions this is interpreted as an effect due to radial flow. Only p and Ξ exibit a Cronin peak, which indicates that the enhancement seen for charged particles is driven by protons. For larger transverse momenta (p T > 8 GeV/c) all particle show the same R pPb consistent with unity. 
Conclusions
The ALICE experiment has performed a systematic study of the strange and light identified charged particles in a wide range of p T for events collected from the three collision systems during the first LHC run phase. Measurements in pp not only provide the baseline for understanding results in Pb-Pb and p-Pb collisions: transverse momentum spectra for strange and multi-strange, for instance, play a key role in setting constrains on the Monte Carlo generator models. In central Pb-Pb collisions π, K and p production is reduced at high p T when compared with expectations from the corresponding pp reference spectra, an effect which can be interpreted in terms of jet quenching. Both strange and identified particle spectra are qualitatively well reproduced by hydrodynamical models, while the p T -integrated yields fit the predictions from statistical hadronization with a chemical freeze-out temperature around 155 MeV. The strangeness enhancement, one of the many observables traditionally related to the QGP phase, has been observed also at the LHC, though reduced compared to that at lower energies due to easing of canonical suppression in pp collisions. Nuclear modification factors show mass ordering at intermediate p T , while no mass dependence is ICNFP 2014 03008-p.11 seen at higher momenta indicating that the chemical composition of leading particles from jets in the medium is similar to that of vacuum jets. Measurements in p-Pb, initially conceived as a control experiment only, have shown π, K and p spectra with a shape evolution with multiplicity with similar flow signatures as in Pb-Pb: hydrodynamic calculations give the best decription of the highmultiplicity p T spectra also in p-Pb collisions, although the same evolution could also be explained by other mechanisms such as color reconnection that mimics radial flow effects in pp.
